Abstract Diabetes has become a global epidemic. Its complications can have a significant impact on quality of life, longevity, and public health costs. The presence of diabetes might impair the prognosis of periodontal treatments due to its negative influence on wound healing. Antimicrobial photodynamic therapy (aPDT) is a local approach that can promote bacterial decontamination in periodontal pockets. The aim of this study was to investigate the local effect of adjunct aPDT to ultrasonic periodontal debridement (UPD) and compare it to UD only for the treatment of chronic periodontitis in type 2 diabetic patients. Twenty type 2 diabetic patients with moderate to severe generalized chronic periodontitis were selected. Two periodontal pockets with probing depth (PD) and clinical attachment level (CAL) ≥5 mm received UPD only (UPD group) or UPD plus adjunct aPDT (UPD + aPDT group). Periodontal clinical measures were collected and compared at baseline and 30, 90, and 180 days. After 180 days of follow-up, there were statistically significant reductions in PD from 5.75 ± 0.91 to 3.47 ± 0.97 mm in the UPD group and from 6.15 ± 1.27 to 3.71 ± 1.63 mm in the UPD + aPDT group. However, intergroup analysis did not reveal statistically significant differences in any of the evaluated clinical parameters (p > 0.05). The adjunct application of aPDT to UPD did not present additional benefits for the treatment of chronic periodontitis in type 2 diabetic patients. The ClinicalTrials. gov identifier of the present study is NCT02627534.
Introduction
Diabetes mellitus (DM) has emerged as a global epidemic. Its complications may significantly impair quality of life, longevity, and public health care costs [1] . The International Diabetes Federation (IDF) estimates that by 2040, 642 million people will suffer from diabetes, or approximately 10 % of the world's adult population [2] . The presence of diabetes may lead to other health problems that can have a direct impact on quality of life. Among these, the most common diabetes complications are neuropathy, nephropathy, retinopathy, cardiovascular disease, and periodontal diseases.
Periodontal diseases (PDs) are characterized by inflammation in periodontal tissues, initiated by dental biofilm, that lead to the destruction of periodontal tissues and tooth loss. It is well known that diabetes increases the risk for the development and progression of periodontal diseases [1] . Type 2 diabetic individuals have a higher prevalence and severity of chronic periodontitis than normoglycemic individuals, besides having worse treatment prognoses [3] .
Periodontal therapy aims at removing supra-and subgingival dental biofilm to reduce periodontal inflammatory burden, re-establish tissue homeostasis, and stop the progression of periodontal diseases. Mechanical periodontal therapy is the gold-standard treatment modality for chronic periodontitis and demonstrates satisfactory results [4] . The literature regarding the outcomes of mechanical therapy for treating PD in patients with type 2 DM shows that periodontal conditions improve when conventional periodontal therapy is applied [5] [6] [7] [8] . However, the literature reports that mechanical therapy applied alone may be insufficient to achieve a bacterial periodontopathogenic profile that is compatible with a periodontal health profile in diabetic subjects [9] , which can increase the chances of failed therapy, especially in deep periodontal pockets, furcations, and complex pockets [10, 11] . Thus, adjunctive therapies are frequently suggested to maximize mechanical therapy results, concomitant with the use of antimicrobial agents, either locally or systemically [9] .
Nevertheless, the wide and undiscriminating use of systemic antibiotics to treat oral infections has led to bacterial resistance, resulting in great difficulty with controlling these infections. Still, the use of systemic antimicrobials has limitations concerning frequently reported side effects (e.g., allergies, drug interactions, headaches) and microbial resistance to the medication [12] . Besides, recent systematic reviews have shown controversial results regarding the adjunctive effect of systemic antibiotic therapy associated with scaling and root planning to treat periodontal disease in diabetic patients [9, 13] .
Antimicrobial photodynamic therapy (aPDT) has been proposed as an adjunct therapy for scaling and root planing (SRP) for treating PD [14] . aPDT consists of the activation of a photosensitizer by laser at a specific wavelength. When sensitized, that substance releases cytotoxic oxygen and free radicals, damaging and killing bacteria. Low-level laser is applied through an optical fiber attached to a laser point inside periodontal pockets for a definite period per pocket. Several studies have shown that aPDT is effective for treating patients presenting chronic periodontitis [15] [16] [17] [18] [19] [20] and aggressive periodontitis [21] .
However, as long as type 2 DM patients present a different prognosis when compared to non-diabetic patients in terms of periodontal treatment, the effects of aPDT on those patients are still unclear. A clinical trial compared SRP plus aPDT to SRP alone and to SRP plus doxycycline, and found that all of the investigated therapies were successful for treating chronic periodontitis in diabetic patients, but none of them showed statistically superior results regarding clinical periodontal parameters. aPDT was performed using 0.01 % methylene blue and diode laser, with wavelength of 670 nm, for 60 s [22] . Another investigation compared SRP plus aPDT to SRP alone, with the concomitant use of doxycycline in both groups. The clinical periodontal parameters were analyzed, and no statistical differences were found between the groups. aPDT was performed using 1 % methylene blue and diode laser for 10 s per site, with wavelength of 660 nm, irradiance of 0.028 W/cm 2 , and fluency of 2.79 J/cm 2 [23] . Although these studies presented new and relevant information concerning aPDT in diabetic individuals with periodontitis, both only showed short-term results (at 3-month follow-ups) and had similar study designs (parallel groups with 15 samples each), meaning that more studies with longer follow-ups and larger samples are necessary. Thus, the aim of the present study is to evaluate the local effect of adjunct aPDT to ultrasonic periodontal debridement (UPD) for treating chronic periodontitis on type 2 diabetic patients.
Materials and method
The methodology of the present study is in accordance with the CONSORT statement [24] .
Study design
This was a split-mouth, double-blind, randomized controlled clinical trial.
Study population
Subjects with type 2 diabetes and moderate to severe generalized chronic periodontitis [25] were selected from the population referred to the Department of Periodontology of São José dos Campos Dental School, UNESP -Sao Paulo State University. Detailed dental and medical records were obtained. Subjects who fulfilled the inclusion criteria were invited to participate in the study. Each subject provided informed consent after a thorough explanation of the nature, risks, and benefits of the clinical investigations. The study protocol was approved by the Institutional Review Board at São José dos Campos Dental School, UNESP -São Paulo State University (617.795). The ClinicalTrials.gov identifier of the present study is NCT02627534. The inclusion criteria were as follows: age ≥ 35; diagnosis of type 2 diabetes for ≥5 years; diabetes treatment with oral hypoglycemic agents or insulin supplementation and diet; glycated hemoglobin (HbA1c) levels from 6.5 to 11 %; at least 15 teeth (excluding third molars and teeth indicated for extraction); and moderate to severe generalized chronic periodontitis [25] . The exclusion criteria were the following: medical conditions that required prophylactic antimicrobial coverage; periodontal mechanical therapy in the previous 6 months; antimicrobial therapies in the previous 6 months; anti-inflammatory therapies in the previous 6 months; systemic conditions other than diabetes that could affect the progression of chronic periodontitis; current use of medication that could interfere with periodontal response to treatment; pregnancy or lactation; and smoking.
Sample size calculation
The ideal sample size was calculated considering a mean probing depth (PD) reduction of 1 mm between groups, with a standard deviation of 0.8 mm. Based on this, 17 periodontal pockets in each group would be enough to provide 95 % power with a 5 % significance level. Considering an attrition rate of 15 %, 20 periodontal pockets were included in each group [26] .
Initial therapy
All patients received instructions about the relationship between chronic periodontitis and type 2 diabetes, oral hygiene, supragingival biofilm and calculus removal, the extraction of hopeless teeth, dental decay removal and provisional restoration, and the removal of overhanging restorations.
Periodontal pocket selection
After initial therapy, two sites in each patient with PD and clinical attachment level (CAL) ≥5 mm in single-rooted teeth from different quadrants were selected to receive one of the following treatments:
Control group (n = 20): UPD Test group (n = 20): UPD + aPDT

Randomization and allocation concealment
Randomization was done as described: first, each selected site received a code letter. An individual who was not a member of the study used a computer-generated sequence to randomly allocate the selected sites to UPD or UPD + aPDT. This sequence was placed in sealed and opaque envelopes, with each one containing the sites and their respective treatment modalities. This step was done to blind the randomization sequence for the professional responsible for patient recruitment (MPS), treatment (NMRBA), and the clinical measures (NCCS). Besides their allocation being concealed, the patients were not aware of which sites had been selected for the control and test groups. The randomization parameters and blinding were performed according to the CONSORT statement 2010 [24] .
Treatment
After randomization, all patients received ultrasonic periodontal debridement (UPD). Thus, the patients were submitted to local anesthesia and received one session of full-mouth ultrasonic debridement (Cavitron, Dentsply) with specific inserts (UI25KSF10S, Hu-Friedy). All diseased sites were instrumented in one session by a trained operator. All diseased sites were checked with a periodontal probe for complete subgingival calculus removal. After periodontal debridement, one previously selected periodontal pocket received additional aPDT.
aPDT protocol
After ultrasonic debridement, one previously randomly selected periodontal pocket received an additional aPDT application performed by a trained operator (NMRBA). One pocket with PD ≥ 5 mm in each patient was randomly selected for aPDT. After washing the pocket with saline solution, a photosensitizer (0.005 % methylene blue-Chimiolux DMC) was applied to the bottom of the pocket in a coronal direction for 60 s, followed by irrigation to remove excess. Then, the pocket was exposed to continuous wave diode laser irradiation for 60 s with a fiber optic of 600 μm in diameter (Thera Lase-DMC, Brazil), with wavelength of 660 nm, power of 60 mW, irradiance of 2.15 W/cm 2 , total energy delivered of 3.6 J, and fluency of 129 J/cm 2 . Laser power and fluency were confirmed through device calibration prior to each application.
Clinical parameters
All of the clinical measures were performed by one calibrated operator (NCCS), who was blinded to the treatment allocation. The examiner participated in a calibration exercise in which the PD and CAL of ten patients were measured twice in a 24-h interval. Then, the measurement was submitted to intraclass correction test. The agreement for variables was >90 %.
Clinical measures were performed before treatment (baseline) and 30, 90, and 180 days after treatment. The evaluated parameters were as follws: (1) robing depth (PD) (primary outcome measure); (2) CAL (secondary outcome measure); (3).gingival recession (GR); (4) bleeding on probing (BoP); (5) plaque index (PI); and (6) gingival index (GI). All of the clinical measures were assessed using a manual probe (North Carolina-Hu-Friedy).
PISA index calculation
Periodontal inflamed surface area (PISA) index calculation was performed for each selected pocket according to Nesse et al., 2008 , and compared at baseline and 30, 90, and 180 days.
Glycemic and systemic monitoring
All of the patients were under medical treatment for diabetes and submitted to periodic HbA1c evaluations. Thus, the patients were asked to present HbA1c evaluations during the study period, and data was recorded and compared at baseline and 180 days. Data related to C-reactive protein (CRP) and body mass index (BMI) were also collected and compared at baseline and 180 days.
Statistical analysis
The clinical parameters were computed per subject and per selected pocket. The mean and standard deviation were calculated for each parameter. The normality of the data was analyzed according to the Shapiro-Wilk test. The clinical measures were analyzed according to a variance test (repeated measures) for intra-and intergroup analysis. Glycemic monitoring data were submitted to a variance analysis for intragroup comparison.
Results
Twenty patients participated in the study, for a total of 40 periodontal pockets. All of them had two randomly selected periodontal pockets with PD and CAL ≥ 5 mm to receive two different local therapies. Figure 1 shows the flow of the patients through the study. None of the patients reported adverse effects related to laser therapy, such as discomfort, burning sensation, and pain.
The sample consisted of twenty subjects with poorly controlled diabetes, with mean HbA1c serum level of 8.03 ± 2.29 %. Fifteen subjects were women (75 %), and five were men (25 %). Their mean age was 51.60 ± 10.05, and they had an average of 21.20 ± 4.51 teeth. One patient was lost during follow-up. The data were analyzed according to intention-totreat concept. Table 1 shows the HbA1c, CRP, and BMI results at baseline and 180 days. Our patients had poorly controlled diabetes, with HbA1c 8.03 ± 2.29 % at baseline and 8.48 ± 2.14 % at 180 days, with no statistically significant differences between the times. C-reactive protein decreased from 1.04 ± 1.40 mg/dl at baseline to 0.64 ± 0.36 mg/dl at 180 days, but no statistically significant difference was detected. The patients remained overweight during the study, with BMI 28.03 ± 8.43 at baseline and 28.36 ± 5.26 at 180 days, with no difference in intragroup comparison (p > 0.05).
Data related to full-mouth parameters are presented in Table 2 . All of the clinical parameters decreased from baseline to 30, 90, and 180 days, with PD, GI, PI, percentage of pockets with PD ≥5 mm, and percentage of pockets with PD ≥7 mm being statistically significant. The mean PD changed from 4.06 ± 0.93 mm at baseline to 3.14 ± 0.38 mm at 180 days. GI and PI showed similar results at all times, with significant reduction after the study intervention. GI decreased from 54 ± 25 % at baseline to 22 ± 15 % at 180 days, while PI changed from 69 ± 23 % at baseline to 24 ± 15 % at 180 days. The percentages of sites with PD ≥5 mm and PD ≥7 mm also significantly decreased after the study intervention and continued to decrease at 90 and 180 days. The initial percentage of sites with PD ≥5 mm was 34.14 ± 18.89 % and changed to 13.53 ± 8.51 % at 180 days. At baseline, the percentage of sites with PD ≥7 mm was 12.52 ± 12 %, decreasing to 3.05 ± 3.15 % at 180 days.
At baseline, there were no statistically significant differences for clinical parameters of the selected periodontal pockets 
Discussion
To the best of our knowledge, this is the first 6-month, splitmouth, randomized clinical trial to evaluate the effects of adjunct antimicrobial photodynamic therapy to ultrasonic periodontal debridement for the treatment of chronic periodontitis in type 2 diabetic patients. Our study did not detect statistically significant differences in the evaluated clinical parameters when the UPD group was compared to the UPD + aPDT group at 30, 90, and 180 days. However, in the intragroup comparison, both groups showed statistically significant changes in all of the clinical parameters. Therefore, these results suggest that a single application of aPDT may not present additional benefits to UPD for the treatment of chronic periodontitis in type 2 diabetic patients. The findings of this study are comparable to two other studies that investigated the effects of adjunct aPDT to periodontal therapy on patients with poorly controlled type 2 diabetes [22, 23] . During a 90-day follow-up, neither of them found statistically significant differences in any evaluated clinical parameters between their control and test groups.
The effectiveness of adjunct aPDT to periodontal mechanical therapy is still controversial. While some investigations have demonstrated additional clinical benefits for this approach in normoglycemic patients [16, 18, 27, 28] , others have failed to detect statistically significant differences in the evaluated clinical parameters [29] [30] [31] . Controversy in these findings may occur due to a great variety between protocols, differences between groups and in periodontitis severity, and different study designs.
The first clinical trial to evaluate the additional benefits of aPDT in chronic periodontitis was a split-mouth clinical trial (n = 10 patients) [29] . Scaling and root planing (SRP) was performed in all periodontal pockets of a randomly selected quadrant. Then, 0.005 % methylene blue was rinsed, and a single application of aPDT was performed in each diseased site of this quadrant. The results were compared to those of the other quadrants, which received SRP only, aPDT only, and oral hygiene instructions only. Additional benefits of aPDT as an adjunct to SRP within a follow-up of 32 days were not observed. In 2007, Andersen et al. investigated adjunct aPDT to SRP in chronic periodontitis. Thirty-three patients with moderate to severe chronic periodontitis were allocated to three groups receiving one of the therapies (aPDT only or SRP only) or a combination of both. aPDT was performed according to the following protocol: methylene blue (0.005 %) was applied inside periodontal pockets for 60 s; then, a diode laser (wavelength of 670 nm, power of 50 mW) was applied for 60 s. The patients were examined at baseline and 6 and 12 weeks. The clinical parameters were BoP, CAL, and PD. The authors reported that the combination of aPDT and SRP presented better results than aPDT only and SRP only [16] . In 2013, Luchesi et al. investigated the use of aPDT to treat class II furcation. Patients were randomly allocated to test (aPDT; n = 16) and control groups (photosensitizer only, non-activated laser; n = 21). SRP was performed for both groups. For the test group, a photosensitizer was applied to the bottom of the periodontal pocket and a diode laser was activated with fiber optics for 60 s. The patients were examined at baseline and 3 and 6 months. The authors found that photodynamic therapy did not promote additional clinical benefits, although local levels of cytokines and periodontopathogens decreased [32] .
In patients with poorly controlled diabetes, it is important to stress that vascular complications and impaired wound healing alter the response to conventional periodontal treatment. It seems that this impaired response is also observed when aPDT is applied. Apparently, adjunct aPDT is not effective in providing additional benefits to mechanical periodontal therapy in patients with poorly controlled diabetes. Additionally, UPD alone provided statistically significant changes in all clinical parameters, which means that this was a successful approach in our study. Mean PD, our primary variable, changed from 5.75 ± 0.91 to 3.47 ± 0.97 mm in the selected sites. These results suggest that when adequate decontamination is achieved through mechanical periodontal therapy, aPDT is not able to provide additional benefits for periodontal treatment in diabetic patients. The PISA index was proposed as a method of quantifying the inflammatory burden caused by periodontal diseases to better classify periodontal diseases [33] . The PISA calculation suggests a more accurate form of estimating the damage caused to periodontal tissue. In this study, we calculated the PISA index for each selected periodontal pocket, quantified periodontal inflammation, and compared results through different follow-up times and local periodontal therapies. PISA showed similar results to those obtained through gold-standard clinical parameters, indicating that it is a reliable method of quantifying periodontal diseases.
This was a split-mouth, controlled clinical trial to investigate the effects of adjunct aPDT to UPD for treating chronic periodontitis in type 2 diabetic patients. This study design was chosen to minimize differences in host response between the study groups. Patients with poorly controlled diabetes may present metabolic variations that impact periodontal tissue and cannot be managed or controlled by periodontists (alterations due to medication, changes in eating habits, weight gain/loss, etc.)
To monitor systemic conditions that could influence diabetes and, consequently, chronic periodontitis, data concerning HbA1c, CRP, and BMI were collected and analyzed at baseline and 180 days for each patient. There were no statistically significant differences between the times, so periodontal parameters were not compromised due to the course of diabetes.
One limitation of this study is that aPDT presents a great variety of protocols, with variations in lasers, laser parameters, application protocols, and photosensitizers.
However, the present study tested only one protocol. Thus, other studies investigating the effects of aPDT should be performed to establish an effective protocol, such as multiple aPDT applications, or to evaluate other photosensitizers, for treating chronic periodontitis in type 2 diabetic patients. Another limitation concerns the root morphology of the selected sites. In our study, we only selected periodontal pockets in single-rooted teeth as a means of standardization. As long as this type of sites can be easily decontaminated by mechanical therapy, this situation can limit the beneficial effects of aPDT [32] . Thus, our results should not be applied to multi-rooted teeth in other studies.
Conclusion
A single application of aPDT may not show additional benefits to UPD in clinical periodontal parameters for treating chronic periodontitis in single-rooted teeth among type 2 diabetic patients.
